Objective Our objective was to develop a value set based on Irish utility values for the EuroQol 5-Dimension, 5-Level instrument (EQ-5D-5L). Methods The research design and data collection followed a protocol developed by the EuroQol Group. The EuroQol Valuation Technology (EQ-VT) software was administered using computer-assisted personal interviews to a representative sample of adults resident in Ireland between 2015 and 2016. Utility values were elicited using two stated-preference techniques: time trade-off (TTO) and discrete-choice experiment (DCE). Each respondent completed a valuation exercise in which the EQ-VT system randomly selected one block of ten TTO questions from ten blocks relating to a possible 86 health states. One block of seven DCE pairs from 28 blocks of a possible 196 pairs of health states were randomly selected to accompany this. The relationship between utility values and health states was analysed using a hybrid regression model that combined data from the TTO and DCE techniques and expressed these as a function of the health state presented to the individual. This model estimated coefficients for 20 dummy variables that characterised each health state in the EQ-5D-5L framework, with the lowest level of severity providing the reference category in each domain. The relationship between weighted and unweighted TTO and DCE analyses of main effects was analysed separately. Results Comparison of weighted and unweighted models revealed no substantive differences in results with respect to either DCE or TTO models. The unweighted hybrid model produced estimated effects, the ordering of which was intuitively consistent within each domain: lower levels of health were associated with lower utility values. Differences were evident between domains with respect to valuations; the disutility associated with conditions related to anxiety/depression and pain/ discomfort was higher than for other domains. The decrement in utility associated with movement from the highest to the lowest level of health was 0.344 for mobility, 0.287 for self-care, 0.187 for usual activities, 0.510 for pain/discomfort and 0.646 for anxiety/depression. Discussion The results present the first value set based on the EQ-5D-5L framework for a representative sample of residents in Ireland. The set reveals a higher decrement in utility associated with anxiety/depression than with other domains of health. Caution is warranted in comparisons with other value sets. That said, those in England, the Netherlands, Uruguay and China reveal that, whereas Irish values are broadly consistent with respect to mobility, self-care and usual activities, residents of Ireland attach a higher decrement to pain/discomfort and anxiety/depression than do other populations.
Introduction
Cost-effectiveness analysis (including cost-utility analysis [CUA] ) involves the comparative analysis of alternative uses of healthcare resources in terms of both their cost and their consequences. Interest in this analysis has grown as healthcare budgets have come under increasing pressure and the importance of ensuring and demonstrating value for money in healthcare resources has risen. Because CUA permits very different uses of resources to be compared in terms of value for money, it is recommended as an evaluation technique in guidance offered in many jurisdictions, including Ireland [1] and the UK [2] . Indeed, quality-adjusted life-years (QALYs) now inform the allocation of significant amounts of healthcare resource in several countries [3, 4] .
The generation of QALYs requires (1) an instrument that measures patients' health states and (2) a means of assigning weights to those states in a manner that reflects utility values. The EuroQol 5-Dimension instrument (EQ-5D) is the preferred generic measure in the UK [2] and is widely used in other countries. It measures health-related quality of life on five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. In the five-level version of the instrument (EQ-5D-5L), 3125 (5 5 ) unique health states can be described, with each dimension categorized on five levels of severity: no problems, slight problems, moderate problems, severe problems and extreme problems/unable to [5] . The EQ-5D-5L instrument has been shown to have superior discriminatory power and reduced ceiling effects relative to the three-level version (EQ-5D-3L) [6] [7] [8] [9] [10] . Moreover, unlike the EQ-5D-3L instrument, an internationally agreed protocol exists for the generation of utility weights for the EQ-5D-5L [11] . Together with the quality-control procedure developed alongside the valuation protocol [11] , and the support provided for data collection by the EuroQol Research Foundation in the conduct of national five-level studies, greater supports now exist to assure the consistency and robustness of EQ-5D-5L value sets relative to three-level versions. These developments have seen the emergence of EQ-5D-5L national value sets in England [12] , Canada [13] , Korea [14] , Indonesia [15] , the Netherlands [16] , Uruguay [17] , Spain [18] , Hong-Kong [19] , China [20] and Germany [21] . Despite the reticence of the UK National Institute for Health and Clinical Excellence (NICE) to support the adoption of the five-level version of the instrument while further research is undertaken [22] , these instruments have permitted the comparative analysis of national value sets and the generation of cross-walk algorithms for some countries [23] .
In Ireland, the importance of health technology assessment has been embraced for some time. National bodies such as the National Centre for Pharmacoeconomics and the Health Information and Quality Authority are involved in economic evaluations, and the latter publishes guidance on the conduct of evaluations in Ireland [1] . Despite this, at the time of writing, no national value set for the generation of utility weights has been published in Ireland. In this paper, we present the methods and results for an Irish EQ-5D-5L value set.
Methods

Design
The research design and data collection followed version 2 of the EQ-5D-5L valuation protocol developed by the EuroQol Group [11, 24] and deployed the EuroQol Valuation Technology (EQ-VT), developed specifically for valuing EQ-5D-5L health states administered using computerassisted personal interviews. This version of the protocol has been deployed previously in Indonesia [15] and Germany [21] . Utility values were elicited using two stated-preference techniques-composite time trade-off (cTTO) and discretechoice experiment (DCE)-each providing distinct but complementary preference data. Each respondent completed a valuation exercise in which the EQ-VT system randomly selected one block of ten cTTO tasks from ten blocks relating to a possible 86 health states and one block of seven DCE pairs from 28 blocks of a possible 196 pairs of health states. Values with respect to cTTO tasks were elicited using an iterative procedure. The cTTO approach combined conventional TTO for health states considered better than dead and lead-time TTO for health states that were considered worse than dead by the participant [25] . The cTTO has been used in a number of recently published valuation studies [15, 21] and shown to have face validity [25] . Following the conduct of the cTTO tasks, a 'feedback module' was conducted in which the participant was shown the ranking of the ten health states based on his/her cTTO values and given the opportunity to point out any or all responses where they were not satisfied with its relative ranking [26] . This was in turn followed by three debriefing questions regarding how difficult the participant found the cTTO section. A free-text box allowed the participant to make any further comments. Sociodemographic data, including the respondent's age, sex, education, income and marital status, were collected alongside utility data.
Sample
Consistent with Oppe and van Hout [27] , a representative sample of at least 1000 respondent utility values were required for analysis. A representative sample of Irish residents was drawn using a two-stage stratified clustering process as detailed by Haase and Pratschke [28] . In the first stage, a sample of 54 small areas stratified by income and urban/rural classifications were drawn at random from across the country. In the second stage, within each small area, a sample of approximately 20 houses were selected at random. Random selection was achieved by using a random starting point and inviting a resident from every third house to participate in the survey. To achieve this, each house was visited up to three times throughout the day and early evening in an effort to contact the householder. Where no response was elicited from the selected house, it was replaced from among those in the immediate vicinity, generally based on immediate physical proximity. Within each house, any adult capable of giving informed consent could volunteer to complete the survey, one volunteer per household being chosen at random.
Interviews were conducted by one of a seven-person team of trained surveyors. The interviewer team comprised three males and four females. Each surveyor was trained prior to deployment; training included the conduct of test interviews to ensure the surveyor was competent using the survey instrument. The quality-control process developed by the EuroQol Group was strictly followed, including a commitment to remove batches of observations collected by interviewers who were not compliant with data quality requirements and retrain those interviewers. The survey team met at the end of each week to share their experiences and ensure any issues encountered were dealt with consistently. Ethical approval for the study was granted by NUI Galway Ethics Committee (application number 15/JAN/04).
Analyses
Analyses proceeded in stages. First, we estimated our response rate and compared this across areas with different deprivation and urban/rural statuses. Second, descriptive statistics were calculated that compared the recruited sample with that of the population based on estimates from the Central Statistics Office for Ireland (CSO). In principle, it is possible to address under/over-representation of particular groups by re-weighting a sample. To optimise use of available utility data, both TTO and DCE, a hybrid regression model [29] was estimated where an adjustment was made to account for the censored nature of the data (TTO data were censored at − 1). In essence, the hybrid model [29] maximizes a likelihood function that is the product of the likelihood of combinations of continuous response data from the TTO and DCE responses. Instances where the respondent expressed uncertainty as to the valuation they had given in the feedback module (which occurred in 2% of values) were removed in a manner consistent with that adopted in the German [21] and Indonesian [15] value sets. Similarly, in the interests of improved fit, we used the hetcont() option of the hyreg command as suggested by Ramos-Goñi et al. [29] to correct for heteroscedasticity. The estimated model comprised four dummy variables for each level of health in respect of each domain, (20 dummy variables in all), with the lowest level (no problems) providing the reference category.
Consistent with Solon et al. [30] , weighted and unweighted results were estimated and compared to ascertain whether results were materially affected by weighting. As software did not support the direct estimation of weighted results in the hybrid model, weighted (by age and sex) and unweighted versions of the TTO and DCE models were separately estimated and compared (see the Electronic Supplementary Material [ESM]). In further confirmatory analyses (results available in the ESM), a 'boosted' sample was generated in which respondents from under-represented age and sex groups were selected with replacement at random and used to augment the existing sample. The numbers were drawn to ensure the sample more closely reflected the CSO estimates in terms of age and sex composition. A main effects hybrid model was estimated on this boosted sample. Finally, a sample in which those from over-represented age and sex groups were again de-selected at random until a sample composition better reflecting that of the CSO estimates was generated (results are available in the ESM). A comparison of the performance of TTO and hybrid models based on their relative likelihoods is not meaningful [31] because the likelihood of the hybrid always exceeds that of the TTO; therefore, this avenue of investigation was not pursued. Fuller details of the methods are provided in the ESM.
Results
Sample Characteristics
In total, 1160 surveys were completed between March 2015 and September 2016, with the survey effort expended equally over the 2 years but confined to the months March to the end of October in both years. As shown in Fig. 1 , the randomly selected areas where surveys were undertaken were distributed geographically throughout the country. Purposive sampling to augment the number of younger individuals and males in the sample was undertaken in 2016. This followed a comparison of the recruited sample with that of the CSO population estimates for age and sex nationally. Of the 1160 completed surveys, 102 were purposive. These individuals were identified initially through personal contacts, including work associates with subsequent snowball sampling. Excluding the purposive sample and houses where the householder could not be contacted despite call backs, the response rate to the survey was 47% (which compares with 48% in England [12] , one of the few countries to have reported such a statistic). The response rate when households that could not be contacted were included in the denominator was 19% (no comparable data on this were available). An analysis of the relationship between response rates and the level of deprivation in the area studied revealed no significant differences across deprivation levels (results available in the ESM). Table 1 presents descriptive statistics for the sample alongside those from the CSO where available. Including the purposive sample, the sample broadly reflects the Irish population, albeit with some over-representation of those aged > 45 years and of males. Those with tertiary-level education were over-represented, and those with only primarylevel education were under-represented, compared with the population at large. Our sample also has a slightly larger representation of those with private health insurance and of married individuals, although, with the latter, this may reflect differences in the definitions used or the readiness to report cohabiting in official surveys where entitlement to benefits might be affected. Figure 2 shows the percentages of cTTO inconsistencies by type before and after the feedback module. The figures help demonstrate the face validity of the data; only a small percentage of logically inconsistent values were returned and that reduced further after the feedback module was administered. No interviewer required retraining in light of quality assessment of their interviews, nor were any interviewer's data removed from the sample because of concerns about data quality. Table 2 presents the results of the main effects hybrid model. These represent our estimated five-level value set for Ireland. The table also includes a worked example describing the valuation of a health state. A health state that involves slight problems with mobility (2), moderate problems with self-care (3), slight problems with usual activities (2), severe pain/discomfort (4) and moderate anxiety/depression (3) involves the deduction of 0.063, 0.088, 0.049, 0.373 and 0.202 from 1 (perfect health). In separate analyses of TTO and DCE data, the constant was not significant, and data were therefore merged without the constant. As can be seen from the model and reflected in the example, anxiety/ depression is the most heavily weighted health domain in Ireland. As can also be seen from Table 2 , utility values are non-linear with respect to severity in all domains. For example, the decrement in health associated with a change in mobility, self-care, usual activities from level 3 to 4 is much greater than that from level 1 to 2 or from 2 to 3. (In Table 7 in the ESM, decrements in utility relative to the next level of severity are reported for each domain.) Approximately 36% of our 3125 estimated values were negative, compared with 35% in the Indonesian study [15] that used the same version of the protocol and hybrid modelling approach as deployed here (data for the German study were not reported). Figure 2 shows that the survey yielded high-quality data with face validity and few inconsistencies (where logically dominant health states were associated with a lower utility than dominated health states) involving mild or severe states. Following training, no surveyor's data were removed from the sample because of quality concerns. (Fuller details of survey quality are provided in the ESM. Respondents were less likely to express uncertainty regarding values involving 'worse than death' states-4% of 'better than death' compared with 2% of 'worse than death' states being highlighted in the feedback module). While our sample underrepresented younger men, it was broadly representative of the population with respect to many other characteristics, including marital status, education, numbers of people living with dependents aged < 18 years and health insurance status. Confirmatory analyses (available in the ESM) revealed no statistically or non-statistically significant differences in results between weighted and unweighted analyses. The sample and the results derived from it can be taken as reflective of the population from which they were drawn. Our data were gathered over the course of 2 years and across seasons, which-while not an issue currently covered by the EuroQol protocol-is also potentially important in terms of quality. Utility value data collected over an extended time period 111 (10) make it less susceptible to effects that might only exist at certain times of the year (e.g. seasonal affective disorder [32] ) or the economic cycle [33] . This potentially adds further validity to the data.
Values
Discussion
The value set reported was consistent with intuition, that is, greater severity was associated with lower utility values. While the differences between levels of severity are not always statistically significant, the non-linear relationship between utility values and health states across each domain may simply reflect that individuals do not always perceive differences between levels of specific domains the same or perhaps even as material. Clear differences between domains in terms of their impact on utility are evident in our results. As noted, anxiety/depression had a much greater impact on utility than did other domains. Care is warranted in drawing comparisons with other value sets, as many of these were undertaken using an earlier version of the protocol.
Comparing Irish values with those in England [12] , Canada [13] , Korea [14] , the Netherlands [16] , Uruguay [17] , China [20] and Germany [21] , broadly similar weights are evident in respect of the most severe levels of self-care, usual activities and mobility, though marked differences between each of these and Indonesia are evident [15] . By contrast, with respect to anxiety/depression, it is clear that Ireland attaches a greater importance to anxiety/depression than do these other countries. Fig. 2 Percentage of responses with inconsistencies. The proportion of respondents whose time trade-off data contain at least one inconsistency of any kind; the proportion of respondents with inconsistencies involving the mildest health states (e.g. valued 21111 lower than another state that dominated 21111); and the proportion of respondents with inconsistencies involving the worst health state (i.e. valued 55555 higher than any other state). These proportions are shown both before and after respondents were given the opportunity to flag data for removal using the feedback module is unclear, and-as noted-some care is warranted with the comparison. The assignment of greater disutility to decrements related to anxiety/depression than to other domains of health is of more than academic importance. Given the role of QALYs in the allocation of healthcare resources and of utility weights in the measurement of QALYs, underestimation of the importance attached to anxiety/depression could result in mental health failing to be accorded the appropriate priority in resource allocation decisions in Ireland.
More broadly, the reported value set has obvious value, not just for evaluation exercises but also for monitoring health. At the time of writing, no national value set exists in Ireland. Notwithstanding NICE hesitating to recommend use of the EQ-5D-5L value set for England, it does support use of the EQ-5D-5L, and the superior discriminatory power and reduced ceiling effects of the EQ-5D-5L as noted have already been demonstrated [6] [7] [8] [9] [10] . While research and debate around the merits of EQ-5D-3L and EQ-5D-5L weights for the UK continues, the development of an EQ-5D-5L value set for Ireland marks an important development where the issues of transitioning from an Irish three-level version are less evident [34] .
Our study has a number of limitations. While we collected 1160 usable responses, which, relative to the size of the Irish population, represents a larger sample than in many valuation studies, it would have been preferable to sample still more small areas to provide a greater geographic spread of data. Similarly, while the slight under-representation of younger males in our sample had no substantive effect on estimates, it would have been preferable for our sample to more closely reflect the population characteristics across all parameters. We contend that neither of these issues impacted adversely on the quality of the data or the subsequent results. Survey effort was not evenly distributed across interviewers, as can be seen in Fig. 1 in the ESM. However, the careful selection and training of surveyors, supported with weekly team briefings to ensure consistency in approach, as well as bi-weekly quality assurance updates, meant that interviewers met the rigorous quality assurance standards required and as evidenced in the ESM. Finally, while a range of qualitative and quantitative data on the individual and their family were collected alongside the utility survey and will undoubtedly prove useful in further analyses, it was not possible to collect all of the data we would have wished to help interpret our findings. For example, we did not collect data on medications currently used by respondents that may have impacted on their mood nor detailed biographical data on sensitive life experiences or episodes of illness that may have impacted on utility values. Such data have no role in the production of a value set and are not therefore, strictly speaking, a limitation of the study. Nevertheless, such data may be useful in subsequent work seeking to understand Irish valuations and the differences among these. However, within the context of a lengthy and demanding survey, and given interviewee fatigue, a balance must inevitably be struck between the ideal and the possible.
Conclusions
This paper reports an EQ-5D-5L value set for Ireland based on the health-related utility values of residents in 2015-2016. These results are useful to those evaluating new healthcare technologies in Ireland and can inform the measurement of patient-reported outcomes more generally.
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